The elderly population aged 65 years and over was 6.25 million people, which was equivalent to 13.2% of Korea's total population in 2015. With a rapid annual rise in the number of elderly people, Korea is projected to become an aged society in 2019 and a super-aged society in 2026.
INTRODUCTION
The elderly population aged 65 years and over was 6.25 million people, which was equivalent to 13.2% of Korea's total population in 2015. With a rapid annual rise in the number of elderly people, Korea is projected to become an aged society in 2019 and a super-aged society in 2026. 1 As our country is becoming the most rapidly ageing population in the world, we need to prepare for the increasing socio-economic burden. The proportion of elderly couple-only households and single elderly households is increasing due to aging and changes in social structure. The proportion of elderly people living alone in Korea increased from 13.6% in 1994 to 23.0% in 2014, and the number of people aged 65 years and over who were living alone was about 1.38 Elderly people are confronted with difficulties in their daily lives due to normal aging, chronic diseases such as dementia or depression, and loss of physical function. In particular, they are vulnerable to difficulties in health care, sense of alienation due to depression and social isolation, and poor living conditions. These factors are known to affect a decline in cognitive functions. As the aging population is on the rise, several investigations on elderly people or elderly people living alone have been conducted. However, there are lack of studies that systemically examined and analyzed socio-demographic factors affecting cognitive functions and depression in elderly people living alone.
In this study, we investigated the health conditions, cognitive functions and socio-demographic factors for elderly people aged 65 years and over who live alone and analyzed the effects of these factors on cognitive functions and depression.
METHODS

Subjects
In this study, 512 people, equivalent to 1% of the total population who lives alone in Daejeon, between April and November 2015 were selected by using stratified random sampling. Data were collected using structured questionnaires in face-toface interviews. All subjects were assessed using Mini-Mental Status Examination-Dementia Screening (MMSE-DS), 2 Korean versiom of Geriatric Depression Scale (K-GDS) 3 and Korean-instrumental activities of daily living (K-IADL). 4 
Sociological assessment tools
Basic demographic characteristics (i.e., age, sex, and educational level), family relationship (i.e., the frequency of meeting with family, frequency of contact with family and duration of living alone) and economic status (i.e., the presence of a job and presence of income) were investigated using a structured questionnaire as part of sociological assessment. Family history of dementia, lifestyle such as exercise, meals, smoking and drinking, self-perceived health status, major cardiovascular diseases and history of depression were also identified using a structured questionnaire.
Neuropsychological assessment
Neuropsychological assessment was conducted to assess cognitive functions, degree of depression, and activities of daily living. The MMSE-DS, a screening tool for cognitive function that has a score range from 0 to 30, was used to identify the presence of cognitive impairment. Cognitive impairment was defined as a score <1.5 standard deviation away from the normative data of age-, sex-, and education-matched tests. 5 The degree of depression was assessed using the K-GDS with a score range from 0 to 30. The activity of daily living was evaluated using the K-IADL comprised of 11 items.
Statistical analysis
Descriptive statistics and frequency analysis were used to describe basic features, and the differences in factors between the groups were tested by a chi-squared test and a t-test. Multiple logistic regression including factors that showed statistical significance in univariate analysis (p<0.05) was performed to investigate factors related to the cognitive impairment group or the depression group. These analyses were performed using SPSS statistics software version 21.0 (SPSS Inc., Chicago, IL, USA), and the significance level was defined as <0.05.
RESULTS
Cognitive function and degree of depression
A total of 512 subjects showed a mean MMSE-DS score of 24.2 points, a mean age of 78.5 years and a mean educational level of 5.6 years. Women comprised 77.1% of the total subjects included in the study. Among the 512 subjects, 109 subjects (21.3%) were included in the cognitive impairment group based on the normative data stratified by age, sex, and educational level; and 67.0% of the cognitive impairment group were women. The cognitive impairment group had a mean age of 78.7 years, a mean MMSE-DS score of 19.5 points and a mean K-GDS of 14.3 points. This group showed more severe depressed mood with a mean depression score of 12.0 points (p=0.003) and history of depression was more frequent in this group, as compared to the normal-cognition group (Table 1) . Subjects with lower educational levels had a lower MMSE-DS score and poorer ability of daily living. In the cognitive impairment group, the mean K-IADL score for uneducated elderly people was 0.72 points, 0.41 points for elderly people with only elementary education, and 0.24 points for elderly people with higher education than college dropouts.
Of the total subjects, 128 subjects (25%) were included in the depression group based on K-GDS (Table 1 ). There was a significant negative correlation between cognitive function and degree of depression (rho=-0.03, p<0.001). The risk of depressive mood was 1.76 fold higher in the cognitive impairment group than the normal cognition group [odds ratio (OR)=1.76, p=0.016]. The risk of cognitive impairment was also 1.76 times higher for depressed people than for non-depressed people (OR=1.76, p=0.016).
General characteristics of elderly people living alone
Of the 512-elderly people living alone, 395 (77.1%) were women. The proportion of women was lower in the cognitive impairment group (67.0%) than in the normal cognition group (79.9%); whereas, the proportion of women was higher in the depression group (83.6%) than in the non-depression group. Mean duration of education was lower in the depression group and the mean K-IADL scale was also worse as 0.6 points in the depression group than in those of the non-depression group (Table 1) . The prevalence of cardiovascular risk factors such as hypertension, hyperlipidemia, diabetes, stroke, and heart disease showed no differences between the cognitive impairment and normal cognition group. The proportion of participants with a history of diabetes, heart disease and head trauma was higher in the depression group than in the non-depression group. Of all included subjects, 16% had a history of head trauma and received a diagnosis of depression, without significant difference between the two groups ( Table 1) . 
Socio-economic factors
There were no differences in the presence of a job or income between the cognitive impairment group and the normal cognition group. The frequency of meeting family was mostly less than once a month in both two groups. The frequency of contact with family was more than once a week for 60.6% participants of the normal cognition group and for 44.8% participants of the cognitive impairment group, with statistically significant difference between the two groups (p=0.003). The mean duration of living alone was shorter in the cognitive impairment group with a mean duration of 13.6 years than in the normal cognition group (16.9 years). The depression group had fewer participants with a job and lower frequency of contact or meeting with family, as compared with the non-depression group (Table 2) . Elderly people in their 60s and 70s with a longer duration of living alone had more severe depression (60s: p<0.001, 70s: p=0.017). No significant association was found between the duration of living alone and degree of depression for elderly people in their 80s.
Lifestyle and physical/psychological factors
The proportion of participants who consumed only one meal a day was higher in the cognitive impairment group (7.3%) than in the normal cognition group (1.5%). There were no differences in the amount of exercise and alcohol consumption between both groups. However, the frequency of smoking was higher in the cognitive impairment group than in the normal cognition group. Poor self-perceived health status was assessed by 33.3% to 36.7% of participants in each group, with no difference between the two groups ( Table 2 ). The proportion of participants who consumed three meals a day was lower (depression group vs. non-depression group: 65.6% vs. 78.1%), who do not exercise was higher (28.9% vs. 18.5%), and smokers was also higher (11.7% vs. 7.6%) in the depression group than in those of the non-depression group. The proportion of very poor/poor self-perceived health status was significantly higher in the depression group than in the non-depression group (71.9% vs. 33.9%, p<0.001) ( Table 2 ).
Factors associated with cognitive impairment
Factors that showed a significant association with cognitive impairment in univariate analysis included sex, duration of education, K-GDS score, frequency of contact with family, duration of living alone, number of meals and smoking. A multivariate logistic regression model was used to identify independent association of these factors with cognitive impairment. The most influential factor on cognitive impairment was the number of meals, and the risk of cognitive impairment was 3.72 times higher for participants who consumed only one meal a day, as compared to participants who consumed three meals a day (OR=3.72, p=0.039). A higher K-GDS score increased the risk of cognitive impairment (OR= 1.06, p=0.002). For the frequency of contact with family, the risk of cognitive impairment was lower in participants who have contact with family more than once a week than in those with who have contact with family less than once a week (OR=0.62, p=0.047). Generally, a shorter duration of living alone or a longer duration of education was associated with cognitive impairment (Table 3) .
Factors related to depression
The depression-related factors identified according to the K-GDS scores in univariate analysis were included in a multivariate logistic regression model to determinate independent association with depression. Self-perceived health status was the most influential factor on the degree of depression. The risk of depression in participants with very poor/poor self-perceived health status was 12.8 fold higher (p=0.003) and 9.7 fold higher (p=0.002), respectively, as compared to those with very good self-perceived health status. The risk of depression in participants who lived alone for 11-20 years was about 2.2 fold higher than in those who lived alone for ≤10 years. A lower level of education and cognitive function, as well as a decline (less than once a week) in the frequency of contact with family 
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were associated with an increased risk of depression (Table 4) .
DISCUSSION
In this study, we investigated cognitive function, the degree of depression, and factors related to cognitive function or depression in elderly people living alone. Of the included subjects who live alone, 21.3% showed cognitive impairment. Elderly people living alone who account for 20% of the elderly Korean population, increased by 18.5% for the past 5 years. The rise in the elderly population is expected to have a considerable impact on the increase in patients with dementia. Therefore, it may be important to analyze and control factors affecting cognitive impairment to lower the risk of dementia in elderly people living alone.
Elderly people with a K-GDS score >18 points comprised 25% of all subjects in the study which were similar to previous studies. Living alone itself was an independent risk factor for depression. 6 In addition, cognitive function is known to be associated with depression. This study showed that the risk of cognitive impairment was 1.76 fold higher in participants with depression than in participants without depression. Consequently, depression in elderly people living alone increased the risk of cognitive impairment.
In addition, variables such as sex, the duration of education, the duration of living alone, the frequency of contact with family, the number of meals and smoking were factors that affected cognitive impairment among elderly people living alone. The risk of cognitive impairment in elderly people who consumed only one meal a day was 3.7 fold higher than in those who consumed three meals a day, which is in agreement with the importance of regular meals from previous studies. If each meal is not based on healthy meal plans, it may be difficult to maintain a regular and well-balanced diet, which may cause undernutrition and consequent affect cognitive function. Cognitive impairment also may be caused by vitamin B12 and folate deficiency or anemia 7 and recovered by addressing the corresponding nutrient deficiency. 8, 9 Eating regular meals is very important for elderly people since people with dementia have a 2.7 fold higher risk for nutrient deficiencies and decline in activities of daily living and the nutrient deficiency may increase death rates in the elderly. 10 However, most elderly people living alone who participated in this study responded that they usually eat two or three meals a day. The number of elderly people eating one meal a day (2.7%) was very few, and thus cautious interpretation of the results is required. In addition, the frequency of contact with family was associated with cognitive impairment. The risk of cognitive impairment was lower in elderly people who had contact with family more than once a week than in those who contact with family less than once a week, corroborating findings from previous studies that factors such as lower frequency of contact with family or social isolation increased the risk of cognitive impairment. 11, 12 Contrary to expectations, this study showed that the risk of cognitive impairment increased with a higher level of education and shorter duration of living alone. Considering that the existing elderly people living alone with severe cognitive impairment are most likely to move into a nursing home or long-term care facility, or stay with their family, the subjects of this study were mainly comprised of elderly people living alone who had mild or no cognitive impairment. This point may be supported by the following: first, the mean MMSE-DS score was 24 points in most elderly people participating in this study and less than 14 points in only 8 elderly people: second, elderly people with a lower level of education among subjects with cognitive impairment had more severe impairment in instrumental activities of daily living. Thus, elderly people who have relatively better cognitive function are likely to have a long duration of living alone; moreover, elderly people with a low level of education and concurrent severe cognitive impairment were excluded from the study. Although low level of education is generally known as a risk factor of cognitive impairment, 13 some studies showed that the level of education does not affect cognitive impairment. Accordingly, further studies are needed to confirm these findings.
Based on the existing studies, [14] [15] [16] [17] the low level of education, cognitive impairment, poor self-perceived health status and low frequency of contact with family were included in risk factors related to depression in elderly people living alone. The duration of living alone was also associated with depression, and elderly people in their 60s and 70s showed more severe depression with increases in the duration of living alone. Elderly people in their 80s showed a similar degree of depressive symptom that appeared in elderly people in their 70s. Since the number of elderly people in their 90s who participated in this study was relatively few, it was difficult to determine the association between the duration of living alone and depression in elderly people in their 90s. The prevalence of geriatric depression has been reported as up to 33.0% with a rapid increase in the incidence of depression in elderly people in Korea. 18 The Health and Welfare Policy Forum 2016 report indicates that 10.3% of elderly people in Korea have ever thought about suicide, and the rate of elderly people aged 75 years was higher compared to those aged 65 to 74 years among the total respondents. Living alone itself is a risk factor for depression, and therefore active measures against depression in elderly people living alone are needed.
Our study has certain limitations. First, since this study was conducted on only elderly people living alone in a specific area, the results of this study cannot be generalized to the entire population of elderly people living alone in Korea; second, the causal relationship between cognitive function or depression in elderly people and risk factors could not be determined since this was a cross-sectional study. Although multiple factors such as living alone, cognitive function, degree of depression and social factors have inter-relatedness, we could not identify all relevant factors; third, there is a possibility that the attitude or cognitive function of subjects who participated in the survey using a self-administered questionnaire had an influence on the results.
Depression is a known risk factor of cognitive function and vice-versa. 19 In this study, we confirmed the correlation between the two factors for elderly people living alone and identified several factors that affect depression and cognitive impairment in elderly people living alone. In conclusion, this study will contribute to enhancing social support to prevent dementia and depression in elderly people living alone.
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